The hydrophobic ligand-containing hollow polypropylene (PP) membranes were synthesized by the mutual radiation induced graft copolymerization with glycidylmethacrylate (GMA) onto hollow PP membrane followed by the subsequent functionalization with L-phenylalanine. FT-IR, elemental analysis and UV spectroscopy were utilized to characterize copolymer composition, and degree of grafting, functionalization conversion and γ-globulins adsorption. The degree of grafting on the PP surface increased with the reaction time and total dose of E-beam. In the subsquent functionalization, the amount of L-phenylalanine increased with the increase in the degree of grafting and the degree of conversion was about 30%. The γ-globulins adsorption experiments showed that adsorption capacity had a maximum value at pH 8. The γ-globulins adsorption capacity in the basic pH region was higher than in the acidic pH region.
Introduction
Within a context of rapidly increasing demand for effective separation and purification in biotechnology, pharmacy, and chemical/wastewater treatment, studies of separation using membranes are being watched with keen interest.
14 The membrane for the separation and purification of protein has been divided into two classes according to the membrane shape: flat sheet membranes and hollow membranes. The hollow membranes have been more effective than the flat sheet membranes, because the hollow membranes have more specific mean pore diameters for the separation of proteins, and can more easily facilitate the organization of a compact module.
5
Recently, commercial hollow membranes used the separation of protein, called hydrophilic membranes, have been used conventionally for size-based separation processes. But these membrane have a disadvantage that their pores get filled during the separation process. More recently, membranes containing functional groups were investigated to improve the disadvantages of size-based separation. In a study on that exact issue, protein was desorbed in membrane by various conditions such as pH, after ion exchange or hydrophobic ligand functional group-containing membranes were adsorbed the protein.
6-9
The membranes containing functional groups are used more for the separation or purification of protein than for the medical uses. The membranes containing functional groups have been divided into three classes: ion exchange membranes (IEX), affinity membranes, and hydrophobic interaction membranes (HI), according to the chemical interactions between the functional group and protein.
10 HI membranes are especially used in combinations by van der Waals interaction between a hydrophobic ligand on the surface and a protein. Functional groups that have protein and hydrophobic interaction are phenyl, octyl, polyethylene glycol, and L-phenylalanine. However, HI membranes which have studied recently, have been shown that the functional groups crosslink directly to membranes. It is difficult to introduce the functional groups to membrane pore, so the degree of the purity in the separated and purified protein is low. [11] [12] [13] [14] [15] Therefore in this study, to introduce functional group to whole membrane, the hydrophobic ligand-containing hollow PP membranes were synthesized by the mutal radiation induced graft copolymerization with GMA onto hollow PP membrane followed by the subsequent functionalization with L-phenylalanine. We confirmed a change of mean pore diameter according to the degree of grafting and functionalization condition, and after we investigated γ-globulins adsorption properties by pH and adsorption time using HI hollow PP membrane which were synthesized, examined optimum adsorption condition.
Experimental
Materials. Hollow PP membranes used as trunk polymers, with a mean pore diameter of 2 μm and 70% porosity, were used courtesy of a purchase of Accurel ® hollow PP membranes from Membrana Co. Germany. GMA was purchased from Junsei Chemical Co. Japan and was used after removal of hydroquinone. L-phenylalanine that was used by the functionalization reagent and γ-globulins were from the Aldrich Chemical Co. USA, and Sigma Chemical Co. USA, respectively. Other solvents were used after being obtained from Duksan Chemical Co., Korea. All reagents and chemicals used in these studies were of analytical grade.
Grafting Copolymerization of GMA. GMA grafted hollow PP copolymers were synthesized by E-beam mutal radiation induced graft copolymerization with GMA onto hollow PP membrane according to path of Figure 1 . Hollow PP membrane and GMA was irradiated in nitrogen atmosphere with 15, 20 and 20 Mrad of 2 MeV E-beam (ELV-4, EB tech Co., Daejeon, Korea).
To synthesize GMA-grafted hollow PP copolymers, hollow PP membrane was washed with acetone and distilled water and then was dried in a 60 o C dry oven. Half a gram of dried hollow PP membranes was placed with monomers of several concentrations into an inner diameter 4 mm reactor, and was then substituted by nitrogen for 2 hrs and swelled over the course of 12 hrs. Table I shows experiment conditions involving monomer concentrations and total dose amounts.
After the grafting reaction, and until we perfectly removed the homopolymer and unreacted monomer by benzene with no subsequent weight decrease, we vacuum dried copolymers in 60 o C lower, and we then calculated the degree of grafting according to the equation (1).
Degree of grafting (%) = (1) where W g is the weight of grafting copolymer, W 0 is the 
